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n B S T R A C T Using methyl-l-thio-fl-D-galactoside as the inducer, the biosyn- 
thesis of fl-galactosidase was observed in Escherichia coli B with only endogenous 
sources of nitrogen and energy available. The addition of glucose, ribose, 
xylose, or glycerol as exogenous energy sources to nitrogen-deficient media 
blocked enzyme formation. Preinduction of the resting cells failed to overcome 
inhibition by the added energy sources. With limited quantities of glucose, ri- 
bose, xylose, or glycerol, synthesis of /3-galactosidase resumed abruptly and 
continued at the rate normal for cells in nitrogen-deficient media. Comparison 
of enzyme activities with oxygen uptake data revealed a reduction in the rate 
of oxygen uptake at the time enzyme synthesis resumed in media originally 
containing small amounts of energy sources. This change corresponded to 
only a fraction of the oxygen required for complete oxidation of one of the 
exogenous substrates. It is suggested that inhibition by these particular exoge- 
nous substrates involves metabolism to a common repressor or interference 
with an energy-transfer system. 

T h e  inhibi t ion of induced  enzyme synthesis by added  glucose was repor ted 
several years ago by M o n o d  (1) and  Gale (2). Rickenberg  and  Lester (3) 
s tudied the preferential  synthesis of fl-galactosidase in Escherichia coli and  
suggested tha t  unknown  endogenous materials  serve as energy sources in- 
stead of exogenous materials.  At  the same time, Pardee (4) observed tha t  
glycerol blocks the format ion  of fl-galactosidase in pyrimidineless mutan t s  
in media  free of pyrimidine.  He  concluded tha t  glycerol blocked the biosyn- 
thesis by  causing exhaust ion of the internal  pool of pyrimidines.  M a n d e l s t a m  
(5) demons t ra ted  /3-galactosidase synthesis by  E. coli in N-deficient med ia  
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and  discovered tha t  the tu rnove r  of pro te in  was great  enough  to accoun t  

for the  e n z y m e  obta ined .  
N e i d h a r d  and  Magasan ik  (6) r epor ted  tha t  energy  sources o the r  t han  glu- 

cose also inhibi t  enzyme  synthesis in growing cul tures bu t  tha t  the m a x i m u m  

inhib i t ion  observed was 75 per  cent  of tha t  for glucose. Recen t ly  C o h n  and  

H o r i b a t a  (7) likewise r epor t ed  inhibi t ion by  several energy  sources. O n l y  

glucose and  mann i to l  were  comple te ly  inhibi tory.  Magasan ik  (8) has re-  

v iewed the  in teract ions  of n i t rogen and  energy  sources wi th  induced  e n z y m e  

synthesis. 
O f  the previous  work  only  tha t  of Pa rdee  (4) specifically involved the  in- 

h ib i t ion  of enzyme  synthesis by  an  exogenous ene rgy  source added  to rest ing 

cells. In  the present  s tudy the inhibi t ions by  a series of exogenous ene rgy  

sources were  c o m p a r e d  in ni t rogen-def ic ient  media .  I t  was found  tha t  xylose, 

ribose, glycerol,  and  glucose all comple te ly  inhib i ted  the  fo rmat ion  of /3-galac-  

tosidase in such a way  as to w a r r a n t  recons idera t ion  of the  i nh ib i t o ry  mecha -  

nism. 

M A T E R I A L S  A N D  M E T H O D S  

Growth and Experimental Media Escherichia coli strain B was used throughout 
this work. The cells were grown at pH 7.1 on a synthetic medium with the following 
composition: 0.6 per cent Na2HPO4, 0.3 per cent KH~PO4, 0.1 per cent NH4C1, 
0.05 per cent NaC1, 0.041 per cent MgSO4.7H20 and an energy source added to 
give a final concentration of 0.4 per cent. Cells were grown at 37°C to a population 
of 4 to 5 X 108 cells per ml in 22 X 175 mm culture tubes containing 10 ml of the 
synthetic medium aerated by shaking at 200 cycles per minute and at an amplitude 
of 2 era. Culture turbidity, measured on a Coleman model 14 universal spectropho- 
tometer at 650 m~ and calibrated against plate and microscopic cell counts, was 
used to follow growth. 

Nitrogen-deficient media for maintenance of non-growing populations were 
prepared by omitting the NH4C1 from the above solution of salts and by adding any 
desired energy source. Studies in such media were conducted by incubation in 16 X 
125 mm culture tubes each containing 5 ml of medium. 

Washing Since much of this work employed resting cells, complete washing 
was very important. The cultures were centrifuged at 1200 X g and 4°G for 15 
minutes, and the pellet of cells was suspended in 10 ml of a cold solution containing 
all the salts of the synthetic medium except NH4C1. These suspensions were then 
combined in one tube. After recentrifuging, the pellet of cells was washed three more 
times by suspending it in I0 ml of the same solution of salts and centrifuging as 
above. After the final wash, the cells were resuspended in the experimental medium 
and divided among several culture tubes so that the final concentration in 5 ml of 
N-deficient medium was 4 to 5 X 108 cells per ml. The turbidity was then measured 
to determine the actual number of cells in the experiment. 
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Enzyme Induction and Assay Induction of/3-galactosidase was carried out in a 
deficient medium containing the nitrogen-free solution of salts and an appropriate  
inducer. Two inducers were utilized. Merck u.s.P, lactose was added at a concen- 
tration of 0.8 per cent. Methyl-l-thio-~-D-galactoside (methylthiogalactoside) was 
used in other experiments at a concentration of 10 -8 M. The  latter compound was 
prepared by the procedure of Helferich and T/irk (9) except that the intermediate, 
o~-bromotetraacetylgalactose, was prepared by the method of Barczai-Martos and 
K~r6sy (10). 

Lysates of cells were used in all the enzyme assays. Lysis was accomplished by 
incubating the ceils for 20 minutes at 37°C with T2r+ phagO a at concentration of 
100 phage particles per bacterial cell. 

The/3-galactosidase in induced cells was assayed by a modification of the Leder- 
berg (I 1) method. Cell lysate (0.10 or 0.20 nil depending on enzyme concentration) 
was added to enough 0.05 M sodium phosphate buffer (pH 7.1) to give a final volume 
of 6.0 nil. The  reaction tube was incubated for 10 minutes at 37°C and then o-nitro- 
phenyl-/3-D-galactoside was added to give a concentration of 1.25 X 10 -8 M in 8.0 
ml of reaction mixture. After shaking for 20 minutes at 37°C, 2.0 ml. of 1 w K2CO3 
was added. The  hydrolysis mixture was read against a reagent blank at 420 m# 
on a Coleman 14 universal spectrophotometer. A standard curve was prepared by 
hydrolyzing known amounts of o-nitrophenyl-/3-D-galactoside with an excess of 
enzyme and plotting absorbancy versus o-nitrophenyl-/3-D-galactoside concentration. 
A unit of enzyme activity was  defined as that amount  of enzyme producing the 
hydrolysis of 0.1 mole o-nitrophenyl-/3-D-galactoside per minute per milligram of 
dry cell weight. 

Dry Weight Cells were grown on glucose-synthetic medium (a total of 3.6 X 
101° cells) and were washed twice with water. The  washed ceils were placed in a 
small weighing vessel and dried to constant weight in vacuo at 80°C. One mg of dry 
material contained 3.24 X 109 ceils. 

Simultaneous Studies of Enzyme Synthesis and Substrate Oxidation Cells were grown 
in the synthetic medium containing the desired energy source, washed, and then sus- 
pended in 5 ml of N-deficient medium containing methylthiogalactoside and a 
designated amount  of a particular energy source. A series of such systems was in- 
cubated at 37°C and at intervals tubes were removed, placed in an ice bath, and then 
assayed for enzyme activity. Other  aliquots of ceils from the same cultures were 
placed in the sidearms of Warburg  flasks. The  flasks contained N-deficient medium 
and an energy source equal in amount  to that in the culture tubes used in following 
enzyme synthesis. After a 10 minute equilibration period, the ceils were tipped into 
the solution of the energy source and oxygen uptake was determined. The  zero time 
for the cells used in the Warburg  studies was 20 to 30 minutes after that  for the cells 
used in the enzyme assay. With this exception, the cells in both systems were iden- 

tical. 

1 The bacteriophage was kindly  supplied in concentrated suspension by Dr. James L. Barlow of the 
New York State Department of Health, Albany, New York. 
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E X P E R I M E N T A L  R E S U L T S  

In recent years, it has been demonstrated by workers in different laboratories 
(5, 12, 13) that organisms with small metabolic reserves, such as E. coli, 
can synthesize enzyme in a nitrogen-free medium. A study of the energy 
requirements of such a system might be of interest. Therefore, cells were 
grown on glucose-synthetic medium, washed, and divided into three lots. 
One  group of ceils was exposed to a nitrogen-deficient (N-deficient) medium 
containing 10 -8 M methylthiogalactoside but  no energy source. The second 
batch was exposed to N-deficient medium containing 0.8 per cent lactose 
serving as both an inducer and an energy source. The third batch was ex- 
posed to N-deficient medium containing both inducers. 

T A B L E  I 

f l-GALACTOSIDASE SYNTHESIS IN RESTING MEDIA BY 
CELLS GROWN ON GLUCOSE-SYNTHETIC M E D I U M  

Cells grown on glucose-synthetic medium were washed and suspended at a 
concentration of 4.4 X l0 s cells per ml in resting media containing the indi- 
cated inducers. After a 3 hour exposure period, the cells were lysed and 
assayed for ~-galactosidase activity. 

Inducer 
10 -s  ~ M T G *  0 .8  p e r  cent  lactose 0.8 p e r  cent  lactose 

1 0 4  M M T G *  

Units of enzyme activity 8.26~ 1.92 2.64 
8.55 2.05 2.46 

* Methylthiogalactoside. 
:~ The pair  of results in each column represents means of duplicates in duplicate experiments. 

The data  in Table  I show that more enzyme synthesis took place in the 
energy-free medium than in either of the other two media containing lactose. 
Since methylthiogalactoside is known (14) to be a stronger inducer than 
lactose, the difference in the amounts of enzyme induced by  the two different 
compounds might have been due to a difference in inducer efficiency. The  
data  in the third column of Table  I indicate that  this is not the explanation. 
The  amount  of enzyme formed in the system of combined inducers should 
have been similar to the amount  produced in the system with only methyl- 
thiogalactoside if only a difference in inducer efficiency were involved. In- 
stead, the data  indicate that lactose actually inhibits enzyme formation. 

It  is evident from the data  presented that this strain ofE.  coli cells can syn- 
thesize enzyme in the absence of both exogenous nitrogen and energy as 
observed by Mandels tam (5) with another strain. This capacity for enzyme 
synthesis must be dependent  upon readily available metabolic pools since 
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the capacity was changed markedly by washing or starvation. Six additional 
washings or a 2 hour starvation period were each found adequate to reduce 
the enzyme-synthesizing capacity of the cells to 40 per cent of the original 
value. Starvation was carried out by exposing the cells at 37 °C to a medium 
containing nitrogen but lacking an energy source. 

Since the capacity of cells for enzyme synthesis in a deficient med ium 
appeared dependent  upon the metabolic pools, it seemed probable that the 
original energy source used for growth determined the size of the pools and 
thereby affected the capacity for enzyme synthesis. To check this point, cells 
were grown on synthetic media containing various sources of energy and 
then induced in a N-deficient medium containing methylthiogalactoside 
but  no energy source. As shown in Table II,  there is some correlation between 

T A B L E  I I  

I N D U C T I O N  OF ~-GALACTOSIDASE IN RESTING 
MEDIA BY 10 -3 M M E T H Y L T H I O G A L A C T O S I D E  IN CELLS 

GROWN ON V A RIO U S ENERGY SOURCES 

Cells were grown to populations of 4.8 X l0 s cells per ml in synthetic media  
containing the designated energy sources. After washing, the cells were 
then exposed to resting medium containing 10 -s u methylthiogalactoside 
but  no energy source. After 3 hours, the cells were lysed and assayed for 
3-galactosidase activity. 

Glucose Xylose Acetate Alanine Glycerol 

Generation time, rain. 55 66 202 122 67 
Units of enzyme activity 5.00 4.41 3.46 3.53 6.05 

6.05 4.79 3.19 3.90 6.05 

the rate at which substances supported growth and the capacity for enzyme 
synthesis by cells grown on these energy sources. In general, cells grown on 
substances which supported growth at the fastest rates, formed the most 
enzyme in resting medium. However, differences in enzyme-forming capac- 
ities were not as large as might be expected. It  therefore appeared that the 
original source of energy may  not be critical in establishing the sizes of the 
metabolic pools. 

The possibility still existed, however, that the presence of some of these 
energy sources during induction of enzyme synthesis in the deficient med ium 
might stimulate enzyme production by maintaining high metabolite levels 
in the storage pools. On  the other hand, energy sources might cause inhibi- 
tion similar to that  obtained with lactose. Hence, ceils were grown on glu- 
cose-synthetic medium and then transferred to N-deficient media containing 
10 -8 M methylthiogalactoside and the various energy sources designated in 
Table III .  The  results shown in the upper part  of Table I I I  are consistent 
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with the data in Table I because the largest enzyme production occurred in 
cells suspended in the energy-free medium. Since enzyme activity in unin- 
duced cells was found to be approximately 0.10 unit, it is evident that the 
presence of glucose in the induction medium caused complete inhibition of 
enzyme synthesis. The presence of other energy sources caused various de- 
grees of inhibition. 

From previous experience, it was known that E. coli must be adapted to 
several of the compounds considered in Table III  before they can be utilized 
for growth. Hence the inhibition observed in some instances might not have 
been maximal since the inhibitory substances actually were not available 

T A B L E  I I I  

~ - G A L A C T O S I D A S E  A C T I V I T Y  F R O M  R E S T I N G  CELLS 
I N D U C E D  W I T H  10-'  M M E T H Y L T H I O G A L A C T O S I D E  I N  T H E  

P R E S E N C E  O F  V A R I O U S  E N E R G Y  S O U R C E S  

Exogenous energy source during induction 
Cells grown on None Glucose Xylose Pyruvate Glycerol A c e t a t e  Lactose 

Glucose  5.23 0.11 2.67 - -  1.96 4.48 2.60 
5.90 0.07 2.71 - -  1.79 4.66 3.05 

Xylosc  0.15 
0.19 

Pyruva te  0.49 
0.45 

Glycero l  0.28 
0.32 

Aceta te  1.10 
1.40 

Lactose  0.88 
0.79 

energy sources for the early parts of the 3 hour experiments with cells grown 
on glucose and tested on other energy sources. To evaluate this possibility, 
cells were grown on the energy source to which they were later exposed in 
the N-deficient medium. Under these conditions, inhibition caused by the 
presence of either glycerol or xylose was almost equivalent to that caused by 
glucose (lower part of Table III). In repeated experiments the inhibition 
equaled that by glucose. Hence complete inhibition of enzyme synthesis 
is not an exclusive property of glucose but is exhibited by substrates as dif- 
ferent as xylose and glycerol, at least under the conditions employed in this 
work. 

Cohn and Monod (15) and Cohn and Horibata (7) demonstrated that 
preinduction of growing cells for /3-galactosidase synthesis causes them to 
become partially resistant to the inhibitory effects of glucose. Therefore, it 
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seemed of value to measure the effect of preinduction on inhibition in resting 
cells. 

Cells were grown on glucose-synthetic medium, washed, and placed in 
N-deficient medium containing 10 -8 M methylthiogalactoside. The cells 
were divided into four groups, one of which served as a control for enzyme 
synthesis. Glucose was added to the other three groups (final concentration 
of 0.4 per cent) at the times indicated by the arrows in Fig. 1. It  can be seen 
that the simultaneous addition of the glucose and inducer at zero time 
resulted in complete inhibition as before. The addition of glucose to cells 
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F1ouR~ I. Inhibition by the addition of 0.4 per cent glucose to cells in which /$- 
galactosidase synthesis was preinduced. Cells were grown on glucose-synthetic medium, 
washed, and suspended in nitrogen-free resting medium containing 10 -8 M methyl- 
thiogalactoside, o, no glucose added; x, glucose added at the times indicated by arrows. 

previously exposed to inducer for 30 minutes still resulted in abrupt  and 
complete inhibition. The  results were the same for cells which had been pre- 
induced for 90 minutes and differ from those cited above for growing cells. 

When cells grown on xylose-synthetic medium were placed in resting 
medium containing methylthiogalactoside, it was found that addition of 
xylose to preinduced cells again caused instantaneous and complete in- 
hibition of enzyme synthesis. In  an identical type of experiment, the results 
obtained with glycerol or ribose were similar with the exception that a lag 
of approximately 10 minutes was required before inhibition of enzyme syn- 
thesis became complete. A typical experiment with ribose is shown in Fig. 2. 

Since the inhibition by the various energy sources was so severe and im- 
mediate, the question of persistence of the inhibition arose. When  limited 
concentrations of glucose were used, however, inhibition ceased after a period 



236 THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 45 " 1961 

of incubation as shown in Fig. 3. All ceils were grown on glucose-synthetic 
medium, washed, and divided into four groups. Each group was exposed to a 
N-deficient medium containing 10 -~ i methylthiogalactoside and the amount  
of glucose designated in Fig. 3. A high concentration of glucose (0.4 per cent) 
caused complete inhibition for the duration of the experiment. Limited con- 
centrations caused complete inhibition of synthesis for a short time, but en- 
zyme production recommenced at the same rate as in the control group 
(0.0 per cent glucose). Similar families of curves were obtained with glycerol, 
xylose, and ribose as the energy sources in place of glucose. Higher concen- 
trations of these other substances were required to bring about the durat ion 
of inhibition observed with glucose. 

Recovery from the inhibition of enzyme synthesis in media originally con- 
taining low concentrations of energy sources made it appear as if the energy 
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FIGURE 2. Inhibition by the addition of 0.4 per 
cent ribose to ceils in which a-galactosidase syn- 
thesis was preinduced. Cells were grown on ribose- 
synthetic medium, washed, and suspended in 
nitrogen-free resting medium containing 10 -8 M 
methylthiogalactoside. O, no ribose was added; 
x, ribose was added at the times indicated by 
arrows. 

source was merely depleted by the normal cellular metabolism. Thereafter, 
normal enzyme synthesis resumed. This idea led to the simultaneous study 
of enzyme synthesis and oxygen uptake in order to determine the extent of 
the metabolism of the various substrates at the point where inhibition ends. 

Fig. 4 shows data obtained from such an experiment involving the use of 
limited glucose concentrations. Enzyme synthesis was only temporarily in- 
hibited as demonstrated previously by the data  in Fig. 3. The oxygen uptakes 
were relatively rapid at the start. At times corresponding to the terminations 
of the inhibition of enzyme synthesis, the rate of oxygen uptake decreased 
to a new rate. The decrease in rate occurred sharply, but the new rate was 
still higher than that  for endogenous respiration. The state of substrate oxi- 
dation at the point where inhibition of enzyme synthesis ceased was esti- 
mated by extrapolation to the ordinate (assuming the usual endogenous 
uptake of oxygen). About 1.5 moles of oxygen per mole of glucose was con- 
sumed during the rapid metabolic process and was independent of the glucose 
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FIGUI~E 3. Temporary inhibition of enzyme synthesis by low concentrations of glucose. 
Cells were grown on glucose-synthetic medium, washed, and divided into four groups 
which were each suspended in nitrogen-free resting medium containing 10 -a M methyl- 
thiogalactoside. In addition, the media used for the three experimental groups contained 
the amounts of glucose shown. 

224 

,.=,~ga 

- J  

0160 

~128 
b,l 
- 4  

9 s  

~ 64 
¢D 
) -  

~ 3a 

0 

~o 
ol l /"  

i i / I  
i/I 

/ I  j f ~  : 
/ 1,0 , 

• / u  .As .a( , 
/ '  ,,t i I , 

p I 1 

r . . ~ -  ~I~-- . .A~ ~ ~ . . . . . . . . . .  

32 64 96 128 160 192 
MINUTES 

>- 
5.0 ~- 

4.0 ~ 

'3.0 "~ >-  

N 
Z 

2.0 "' 
O 

FIGURE 4. Oxygen uptake and enzyme synthesis in the presence of various amounts of 
glucose. Cells were grown on glucose-synthetic medium and washed. Equal numbers of 
cells were suspended in culture tubes and Warburg flasks, each of which contained 
nitrogen-free medium with methylthiogalactoside and the designated amount  of glucose. 
e ,  no glucose; o, 1.74 micromoles of glucose; zx, 2.22 micromoles of glucose; ×, 2.78 
micromoles of glucose; . . . . .  , enzyme synthesis; - - ,  oxygen uptake. 



~38 THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 45 • 1961 

concentration used. This low uptake indicates that  the glucose is far from 
completely oxidized when inhibition ceases. 

Similar expriments were run with glycerol and ribose with results much 
like those obtained with glucose save for a few exceptions in detail. Different 

T A B L E  I V  

E X T E N T  O F  S U B S T R A T E  O X I D A T I O N  A T  C E S S A T I O N  

O F  I N H I B I T I O N  O F  E N Z Y M E  S Y N T H E S I S  

T h e  r a t io s  shown  b e l o w  were  o b t a i n e d  by  e x t r a p o l a t i o n  of  curves  such  as 

those  of  Figs.  4 a n d  5. T h e  p o r t i o n  of  the  o x i d a t i o n  c u r v e  b e g i n n i n g  a t  t he  

cessa t ion  of e n z y m e  i n h i b i t i o n  was  e x t r a p o l a t e d  to t he  o r d i n a t e .  

Substratc Moles Ot per mole of substrate* 

Glucose I. 50--I. 72 
Xylose I. 36--I. 60 
Glycerol 0.99-I. I 1 
Ribosc 1.06-1.22 

* V a l u e s  r e p r e s e n t  the  r anges  o b t a i n e d  f rom seve ra l  expe r imen t s .  
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FlouRs 5. Oxygen uptake and enzyme synthesis in the presence of xylose. Cells were 
grown on xylose-synthetic medium and washed. Equal numbers of cells were suspended 
in culture tubes and Warburg flasks each of which contained nitrogen-free medium 
with methylthiogalactoside and the designated amount of xylose, e ,  no xylose; o, 5.00 
micromoles of xylose; ×, 6.67 micromoles of xylose; . . . . .  , enzyme synthesis; - - - ,  oxygen 
uptake. 

concentrations of the other energy sources were required to produce the dura- 
tion of inhibition obtained with glucose. Furthermore, different ratios of 
oxygen consumed per mole of energy source were observed at cessation of 
inhibition. These ratios are shown in Table IV. 

When an experiment of the above type was conducted with xylose as 
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shown in Fig. 5, cells utilizing xylose displayed three different phases in the 
oxygen uptake curves. In this instance the cessation of inhibition coincided 
with the commencement of the third phase in the oxygen uptake curve in- 
stead of the second as with the other energy sources. However, the general 
pattern of the inhibition of enzyme synthesis by the energy sources appeared 
similar regardless of the substance used. A decrease in the rate of oxygen 
consumption always accompanied the termination of inhibition of enzyme 
synthesis. 

D I S C U S S I O N  

The foregoing data show that the endogenous sources of energy and nitrogen 
are adequate for ~-galactosidase synthesis in resting cells. Furthermore, 
the addition of an exogenous energy source appears to cause some depression 
in the amount of enzyme synthesized. When the cells were grown on an 
energy source prior to exposure to it in N-deficient medium containing in- 
ducer, inhibition by some substrates was severe. Xylose, ribose, and glycerol 
completely inhibited enzyme synthesis. Hence complete inhibition is not an 
exclusive property of glucose as has been implied by some workers (6). 

Cohn and Monod (I 5) and recently Cohn and Horibata (7) have reported 
that the exposure of growing E. coli cells to inducer prior to the addition of 
an inhibitory substance such as glucose caused their strains of E. coli to 
become partially resistant to inhibition by glucose. 

It is apparent that the present resting cells behave differently than did 
the growing cells of Cohn. Glucose stopped enzyme synthesis immediately 
although induction was allowed to proceed for as long as 90 minutes before 
the addition of the glucose. Since the formation of the entry system should 
have been complete, the mechanism of inhibition in resting cells is apparently 
not simply an interference with the biosynthesis of a permease. Otherwise 
the preinduced resting cells should have been resistant to glucose inhibition. 
Furthermore, a direct interaction between the inhibitory carbohydrates and 
the /~-galactoside permease may not account for the inhibition observed 
since it seems unlikely that four different energy sources should all react in 
the same way with the permease. 

Inhibition by added substrate was always greatest in cells previously 
grown on that substrate (Table III). In such adapted cells the enzyme sys- 
tems involved in the utilization of the substrates should have been at maxi- 
mum levels and little further synthesis of these enzymes would be expected 
or needed in the resting systems. In other words, there should be little com- 
petition for the amino acids needed in the biosynthesis of /~-galactosidase. 

One might expect recovery from inhibition of enzyme synthesis only when 
a limited concentration of the exogenous energy source is completely metabo- 
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lized and the cells have returned to their normal endogenous metabolism. 
However, the states of substrate oxidation at the times corresponding to the 
end of inhibition (Table IV) show that energy sources were only partially 
oxidized. Thus some of the intermediates in the pools may be at high enough 
concentrations for inhibition of enzyme induction. In addition, the coinci- 
dence of enzyme synthesis with a change in oxygen uptake suggests that the 
four substrates might be passing along metabolic routes with steps in com- 
mon which repress enzyme formation as suggested by Cohn and Horibata 
(7) and Pardee et al. (16). The decrease in oxygen uptake shown in Figs. 
4 and 5 could then be taken to represent metabolic consumption of this 
inhibitory substance(s). 

It appears that at least one such postulated inhibitor (repressor) might 
follow glycerol in the normal catabolic schemes, since glycerol, as well as 
the three carbohydrates above it, caused complete inhibition. Magasanik 
and Bojarska (17) postulated that gluconate or subsequent compounds are 
the repressor substances inhibiting enzyme synthesis in Aerobacter aerogenes. 

An attempt (Table IV) to elucidate the nature of the inhibitory substance 
by a comparison of the states of oxidation of the various substrates at the 
point where enzyme inhibition ceased was unsuccessful because of inadequate 
knowledge of the network of metabolic pathways involved. Radioactive sub- 
strates might facilitate the detection of an intermediate repressor material. 

The data presented here do not exclude the possibility that the inhibition 
may result from interference with or by an energy-transferring substance. 
Thus the sudden addition of substrate may temporarily reduce the concen- 
tration of an energy-transferring intermediate directly or indirectly neces- 
sary for enzyme synthesis. Indeed, the data suggest that only endogenous 
energy sources are effective in the biosynthesis of/3-galactosidase and that the 
repressor(s) somehow prevents this utilization, perhaps by temporary de- 
pletion of a key intermediate. 

It should be noted that different states of oxidation of ribose and xylose 
are required to obtain reversal of enzyme inhibition. This difference is un- 
expected since these two substances should be readily interconverted and 
hence metabolized by a common pathway. Moreover, the rate of oxygen 
uptake for ceils utilizing xylose passed through three phases while cells utiliz- 
ing ribose exhibited only two oxidative rates at the concentrations employed 
here. These two factors, in conjunction with the observation that it was much 
more difficult to adapt cells to growth on ribose than on xylose, lead to the 
speculation that there may be separate pathways for the uptake or the utiliza- 
tion of ribose and xylose in resting cells of E. coli. 

This paper  was authorized for publication on October  18, 1960, as paper  No. 2500 in the journa l  
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